Background
==========

Stroke is a cerebrovascular disease that causes motor, cognitive, perceptual, and visual disorders \[[@b1-medscimonitbasicres-26-e925264]\]. Stroke patients are restricted from participating in various activities such as activities of daily living, social activities, and work \[[@b2-medscimonitbasicres-26-e925264],[@b3-medscimonitbasicres-26-e925264]\]. The reduction in post-stroke mobility decreases the ability to maintain a center of balance by having both sides imbalanced, causes asymmetric postures, and affects the orientation response, resulting in serious problems with postural control ability \[[@b4-medscimonitbasicres-26-e925264]\]. The decreased postural control ability of stroke patients affects their ability to balance in various postures, such as sitting and standing, which are behavioral skills essential for daily living \[[@b5-medscimonitbasicres-26-e925264]\]. The reduced balance in stroke patients is a barrier to performing daily living activities, reducing individual independence and limiting social activities \[[@b6-medscimonitbasicres-26-e925264]--[@b8-medscimonitbasicres-26-e925264]\].

In addition, post-stroke gait disorders have a negative effect on the level of functional independence and prognosis; therefore, regaining gait ability is an important factor directly related to patient independence and is one of the goals of rehabilitation \[[@b9-medscimonitbasicres-26-e925264]\]. Cho and Lee \[[@b10-medscimonitbasicres-26-e925264]\] reported that the gait ability of stroke patients is associated with bipedal balance and that walking that necessitates postural balancing works together when it requires performing complex exercise tasks in everyday life. The gait of hemiplegia patients with stroke has a short weight-support time on the affected side and a long swing phase, producing a difference in step length between the affected and the less-affected sides. These patients also have a slow gait cycle and velocity \[[@b11-medscimonitbasicres-26-e925264]\] and a reduced coordination ability to appropriately respond to a variety of environments and tasks \[[@b12-medscimonitbasicres-26-e925264]\].

Postural control can be categorized into conscious and unconscious control in response to vision, the vestibular system, and proprioceptors \[[@b13-medscimonitbasicres-26-e925264]\]. Posture control is also associated with adjusting postural stability and orientation in space \[[@b14-medscimonitbasicres-26-e925264],[@b15-medscimonitbasicres-26-e925264]\].

Automatic stabilization is needed to maintain balance \[[@b16-medscimonitbasicres-26-e925264],[@b17-medscimonitbasicres-26-e925264]\]. It is defined as a postural response that occurs unconsciously and automatically while consciously maintaining posture or performing movements \[[@b18-medscimonitbasicres-26-e925264]\]. However, in stroke patients, the center of the body is moved to the less-affected side, symmetrical weight-loading does not occur, and proper muscle control is difficult because of abnormal muscle recruitment \[[@b19-medscimonitbasicres-26-e925264],[@b20-medscimonitbasicres-26-e925264]\]. Pathologic neuromuscular control conditions in such stroke patients make it difficult to unconsciously and automatically adjust posture, which must normally be achieved.

Recently, methods for restoring the motor function of stroke patients have been proposed. Among them, Carr and Shepherd's \[[@b21-medscimonitbasicres-26-e925264]\] dual-task training based on motor learning has been assessed in various ways. Dual-task training is a therapeutic intervention in which subjects simultaneously perform a motor task or a movement task and a cognition task, and it is used as an intervention to restore the movement of neurologically impaired patients such as those with stroke \[[@b22-medscimonitbasicres-26-e925264]\]. Several previous studies have reported that dual-task training is effective in improving stroke symptoms, endurance, and walking by applying dual-task training to stroke patients \[[@b23-medscimonitbasicres-26-e925264],[@b24-medscimonitbasicres-26-e925264]\]. Shumway-Cook and Woollacott \[[@b25-medscimonitbasicres-26-e925264]\] and Andersson et al. \[[@b26-medscimonitbasicres-26-e925264]\] reported a reduction in perturbation due to increased arousal levels to improve performance during secondary tasks in a dual-task environment. Interestingly, Huxhold et al. \[[@b27-medscimonitbasicres-26-e925264]\] also reported that this effect is typically present in young adults and in older people or patients with balance impairment when performing simple cognitive tasks.

During dual-task training, the subject can focus on the cognitive task, and by focusing posture control on the unconscious and automatic control pattern, the subject can produce the results of postural ability and functional enhancement \[[@b25-medscimonitbasicres-26-e925264]\].

Although there have been many studies on improvement of postural control of stroke patients, most have focused on conscious-level postural control, and the exact mechanisms underlying the effects of interventions that promote unconscious-level postural control to make automatic stabilization are still unknown \[[@b28-medscimonitbasicres-26-e925264]\]. Moreover, there have been few studies that promote the automatic stabilization mechanism through cognitive tasks based on the concept of dual-task training, and studies applying it to stroke patients are still lacking. Thus, the present study aimed to determine whether cognitive balancing dual-task training that promotes unconscious-level motor control for stroke patients is more effective in improving walking and balancing abilities compared with general balancing training.

Material and Methods
====================

Participants
------------

Among stroke patients who had been diagnosed at least 6 months before, those who were able to walk 10 m, who were able to stand for 3 min without aid, and who had at least 24 points in the Mini-Mental State Examination were selected for this study. The exclusion criteria were: (1) accompanying diseases or disorders other than stroke that can interfere with balance training; and (2) uncontrolled health conditions in which exercise is contraindicated. This study was reviewed and approved by the Institutional Review Board of Daejeon University (approval number: 1040647-201806-HR-026-01), and was conducted in accordance with the criteria established by the Helsinki Declaration.

Study design
------------

Thirty-one subjects were recruited for this study, and 7 of them were excluded because they refused to participate. The remaining 24 were randomized by ballot to be assigned to the cognitive task training (CBT) group or the general task training (GBT) group. As 4 subjects in the CBT group and 3 in the GBT group were excluded because they transferred to other hospitals or were discharged, 17 subjects remained for this experiment. TUG, BBS, and gait ability evaluation were performed to compare the therapeutic effects of the intervention. A pre-intervention evaluation was performed before the intervention, and a post-evaluation was performed after the 4-week intervention to compare and analyze the results.

Intervention
------------

For the cognitive task training, a dual task of balance and cognition using traffic signals, a familiar form for the subjects, was applied as a program. For the intervention, the task was performed with scaffolds on which the starting and the target points were marked, monitors for showing visual cues of the cognitive task, and elastic bands for controlling the amounts and difficulties of resistance.

The traffic signal cognitive task for the CBT group was a task in which the subject, in a standing posture, moved the lower extremity of the less-affected side toward the 3 flexion directions of the hip joint and then moved it back in place according to the visual cues on the monitor. These visual cues on the monitor were red and green, the colors of traffic lights. The subject was asked to stop moving when the cue turned red and to perform the task when the cue turned green. There were 3 traffic signals, with each representing 1 of the 3 directions. The colors and locations of the lights were set to change randomly on the monitor. The subject was expected to move the lower extremity of the less-affected side toward the indicated direction within 5 s after a signal turned green and then move back the extremity in place within 5 s. The subject started the task in a standing posture with both feet on the designated positions of the scaffold marked with the starting and target points ([Figure 1A](#f1-medscimonitbasicres-26-e925264){ref-type="fig"}). One set consisted of 30 random movements. The monitor was placed where the subject could see it straight ahead, adjusted for subject height.

Given the fatigue of the subjects, a 1-min rest was allowed between each of the 5 sets. The steps of the cognitive balance training were organized in order of increasing difficulty. Step 1 was performed without elastic bands ([Figure 1B](#f1-medscimonitbasicres-26-e925264){ref-type="fig"}). Step 2 made a subject perform the task with an elastic band. The subject was asked to move the less-affected lower extremity toward the targeted point against the resistance of the elastic band and then move the extremity back in place ([Figure 1C](#f1-medscimonitbasicres-26-e925264){ref-type="fig"}). In step 3, the subject performed the same movements with an elastic band of a different color to increase resistance. The elastic bands were located around the ankle of the less-affected side. The exercise loading was reset every week according to the adaptability of the subject. The task performance of each subject was video-recorded, and the subject was required to move on to the next step when the success rate was 80% or over.

The GBT group performed the task of moving the lower extremity of the affected side in the same way as the CBT group but without a cognitive task. Given the muscular fatigue of the subjects, a 1-min rest was allowed between each of the 5 sets. The difficulty was controlled in the same way as in the CBT group. In both groups, the interventions were performed for 30 min a day, 3 times a week, for 4 weeks.

Outcome measures
----------------

### Timed up and go test (TUG)

The TUG test is a simple method to assess quickness, velocity, agility, and dynamic balance. It measures the time that a subject sitting on an armchair takes to rise from the chair with a starting signal, walk 3 m, turn around a cone, walk back to the chair, and completely sit down as fast as possible. The intra-rater reliability was set to r=0.99, and the inter-rater reliability was set to r=0.98 \[[@b29-medscimonitbasicres-26-e925264]\].

### Berg balance scale (BBS)

The BBS is a tool for assessing the dynamic balance ability of hemiplegic patients with brain diseases. It consists of 14 items related to activities of daily life. The total score is 56 points; the higher the score is, the better the balance of a subject. The test-retest reliability was 0.98, and the inter-rater reliability was set to r=0.98 \[[@b30-medscimonitbasicres-26-e925264]\].

### Gait

The GAITRite (CIR Systems, Inc., USA) is used to assess the gait ability of patients. The validity and reliability of this evaluation tool are verified by measuring the temporal and spatial factors of gait in several studies to collect quantitative data on the types of patients' gait. The rater reliability was set to r=0.90 \[[@b31-medscimonitbasicres-26-e925264]\]. The intraclass correlation coefficients of all gait measurements of comfortable gait velocity were above 0.96 \[[@b32-medscimonitbasicres-26-e925264]\].

Statistical analysis
--------------------

The collected data were statistically analyzed using SPSS for Windows (ver. 22.0). The general characteristics of the subjects are provided by means and standard deviation values with descriptive statistics. Normality of data distribution was assessed with the Shapiro-Wilk test. The homogeneity test of the general characteristics between the groups and the results before the experiment was conducted by a chi-square test and a paired *t* test for analysis. Between-group differences at the time points of measurement and mean changes were evaluated using the independent *t* test. To test the statistical significance, the significance level was set to α=0.05.

Results
=======

A total of 17 subjects participated in this study: 8 in the CBT group and 9 in the GBT group. [Table 1](#t1-medscimonitbasicres-26-e925264){ref-type="table"} shows the general characteristics of the subjects. After the intervention, the BBS of the CBT group significantly increased by 4.63 (p\<0.05), and that of the GBT group also significantly increased to 7.12 (p\<0.05). The TUG of the CBT group significantly decreased to 6.17 s (p\<0.05), but that of the GBT showed no statistically significant difference ([Table 2](#t2-medscimonitbasicres-26-e925264){ref-type="table"}).

The stride velocity of the CBT group significantly increased from 37.47±34.11 cm/s to 40.57±34.98 cm/s (p\<0.05), and that of the GBT group showed improvement but had no statistically significant difference. The stride length of the affected side in the CBT group significantly increased from 61.22±23.52 cm to 63.46±22.93 cm (p\<0.05), and that of the GBT group was longer than the value before intervention but had no statistically significant difference. The double support time of the CBT group significantly decreased from 1.39±0.85 s to 1.19±0.69 s (p\<0.05). No significant difference was found in the GBT group ([Table 2](#t2-medscimonitbasicres-26-e925264){ref-type="table"}).

Discussion
==========

Some of the most distinctive features of stroke patients are asymmetrical postures and movement patterns between the affected and the less-affected sides and difficulty in normal weight loading and movement in sitting, standing, and sit-and-stand postures and during gait, which affect their overall body movements in their daily lives \[[@b33-medscimonitbasicres-26-e925264]\]. In this study, we assessed the effects of clinical application of cognitive dual-task balance training on the automatic stabilization mechanism for automatic postural control, which is essential for balance and gait in stroke patients.

Posture control is influenced by various factors, such as posture difficulty, cognitive task complexity, and balance ability of subjects. Most patients with neurological problems have impaired balance control \[[@b15-medscimonitbasicres-26-e925264]\]. Jeon and Chung \[[@b34-medscimonitbasicres-26-e925264]\] reported that it is necessary to compare the effects of the task types used in the dual task on postural control and to select cognitive tasks that can effectively improve postural control.

Repetitive learning of daily life-related tasks in stroke patients promotes neuroplasticity of the brain \[[@b35-medscimonitbasicres-26-e925264]\], thereby changing the postural control sequence from conscious to automatic processing \[[@b36-medscimonitbasicres-26-e925264]\]. Therefore, in this study, we applied the traffic signal cognition task with a low level of difficulty to stroke patients with impaired balance control. The traffic signal cognitive task, which was selected as an intervention program for cognitive balance training, was considered to cause the subject to focus on cognitive tasks, thereby promoting postural control, which is the primary task, and triggering automatic stabilization \[[@b37-medscimonitbasicres-26-e925264],[@b38-medscimonitbasicres-26-e925264]\].

Mobility, one of the therapeutic goals of rehabilitation, is defined as the ability to move from one place to another. Therefore, restoring as much independent mobility as possible to the subject is the primary goal of rehabilitation \[[@b15-medscimonitbasicres-26-e925264]\]. Pai and Patton \[[@b39-medscimonitbasicres-26-e925264]\] suggested that moving the body in a stable state, in which the center of gravity of the body is above the basal plane, creates a new basal plane, changing from static balance control to dynamic balance control. These dynamic challenges can improve balance \[[@b40-medscimonitbasicres-26-e925264]\]. As a result of the cognitive balance training conducted in this study, the subjects showed functional improvement in the TUG and BBS. This improvement is considered to be influenced by the forward motion of the healthy foot used as a training method and the use of repeated static and dynamic balances \[[@b41-medscimonitbasicres-26-e925264],[@b42-medscimonitbasicres-26-e925264]\].

The cognitive task of this study was a repetitive task with a target point. It is effective in inducing movement of the center of gravity of the body and in repeatedly replacing concentric and eccentric control. It appears to have contributed to improvement in the static and dynamic balance of subjects.

Proprioceptive neuromuscular facilitation is an indirect treatment method that creates muscle contraction of the affected side using the radiation effect by giving resistance to the healthy side \[[@b43-medscimonitbasicres-26-e925264]\]. Cordova et al. \[[@b44-medscimonitbasicres-26-e925264]\] assessed it as the basis for the automatic stabilization mechanism through the electromyography results of the support leg, which is the opposite side during the lower-extremity resistance exercise. Moreover, the right shoulder spreading movement was reported to have activated the opposite left erector spinae to create automatic stability of the spine \[[@b45-medscimonitbasicres-26-e925264]\]. The first determinants of walking speed are stride length and repeated speed during walking \[[@b46-medscimonitbasicres-26-e925264]\]. These elements of time and distance, combined with stator and stance, form the characteristics of an individual's stride and appear as the basic walking ability. Hemiplegic patients are characterized by slow gait cycles and speeds, differences between the lesion and step lengths, and short statures and relatively long stilts on the affected side \[[@b47-medscimonitbasicres-26-e925264]\]. The cause of the slower walking speed of stroke patients is related to shorter coverage \[[@b11-medscimonitbasicres-26-e925264]\]. Although many stroke patients recover their independent gait, gait disturbances occur. In particular, the reduction of the ability to walk over long distances is a major limitation to community participation \[[@b48-medscimonitbasicres-26-e925264]\].

Clinically, walking speed is used as a measure of independent walking ability to perform daily activities and the level of functional recovery \[[@b49-medscimonitbasicres-26-e925264]\]. According to Kreb et al. \[[@b50-medscimonitbasicres-26-e925264]\], increasing muscular strength in the lower limbs through training increases the ground reaction force, and an improved balance ability shortens the double support time, increasing gait velocity. When gait velocity increases, the stance phase gradually shortens compared with the swing phase \[[@b51-medscimonitbasicres-26-e925264]\]. The results of the present study show that the support time of cognitive balance was significantly reduced from 1.39±0.85 s to 1.19±0.69 s. Stride length increased significantly from 61.22±23.52 cm to 63.46±22.939 cm, and the affected stride velocity increased from 37.47±34.11 m/s to 40.47±34.98 m/s. This suggests that the cognitive task training used in this study promoted the automatic posture control of the subjects, thereby improving the ability and unconscious walking ability.

This was a pilot study conducted to identify the effects of cognitive task training. The intervention duration was 4 weeks, which might be too short to effectively improve the function of patients with chronic stroke and could be a limitation in determining the long-term effects after the intervention. In addition, there was no difference in the GBT group after intervention compared with before the intervention. For comparison between groups and within groups, only the *t* test could be used. Further studies are necessary to investigate autonomic stabilization in patients with various neurological problems.

Conclusions
===========

This study investigated the effects of cognitive task training focused on unconscious-level motor control for chronic stroke patients and compared the effects of general balance training. In the evaluation of the balance and gait ability of stroke patients, cognitive balance training showed a statistically significant improvement over general balance training. Therefore, cognitive dual-task balance training could be used in clinical rehabilitation as a more effective intervention to improve balance and gait ability of stroke patients.

**Source of support:** This research was supported by the Daejeon University Fund, 2017

![Cognitive task training program (**A:** starting position, **B:** performed without elastic bands, **C:** performed with elastic bands).](medscimonitbasicres-26-e925264-g001){#f1-medscimonitbasicres-26-e925264}

###### 

Demographic characteristics of the participants.

  Variable                         CBT group (n=8)                                                             GBT group (n=9)   p
  -------------------------------- --------------------------------------------------------------------------- ----------------- -------
  Gender (Male/Female)             6/2                                                                         4/5               0.335
  Affected side (left/right)       4/4                                                                         6/3               0.637
  Age, mean years±SD               56.63±8.78[\*](#tfn1-medscimonitbasicres-26-e925264){ref-type="table-fn"}   66.22±11.55       0.075
  Height, mean cm±SD               169.63±7.15                                                                 162.11±8.07       0.062
  Weight, mean kg±SD               67.46±9.50                                                                  59.23±6.37        0.051
  Onset duration, mean months±SD   19±8.38                                                                     15.33±7.47        0.355

Mean±standard deviation (SD).

CBT -- cognitive balance task training; GBT -- general balance task training.

###### 

Comparison of balance and gait ability within groups and between groups.

  Variable      CBT group (n=8)                                                            GBT group (n=9)                                                                                                                             Between group p-value   Mean change                                                                                                                                                                                                                                          
  ------------- -------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------- ----------------------- ------------- --------------------------------------------------------------------------- ------- ------- ------------------------------------------------------------------------------------------------------------------------------------------ --------------------------------------------------------------------------
  BBS (score)   39.75±7.61[@](#tfn3-medscimonitbasicres-26-e925264){ref-type="table-fn"}   44.38±6.37[\*](#tfn4-medscimonitbasicres-26-e925264){ref-type="table-fn"}[\#](#tfn5-medscimonitbasicres-26-e925264){ref-type="table-fn"}    0.012                   34.44±7.20    41.56±6.84[\*](#tfn4-medscimonitbasicres-26-e925264){ref-type="table-fn"}   0.012   0.334   4.63±3.74[\*](#tfn4-medscimonitbasicres-26-e925264){ref-type="table-fn"}                                                                   5.94±4.56[\*](#tfn4-medscimonitbasicres-26-e925264){ref-type="table-fn"}
  TUG (s)       34.64±20.82                                                                28.47±15.59[\*](#tfn4-medscimonitbasicres-26-e925264){ref-type="table-fn"}[\#](#tfn5-medscimonitbasicres-26-e925264){ref-type="table-fn"}   0.013                   30.96±17.11   27.81±10.59                                                                 0.859   0.027   −6.16±7.22[\*](#tfn4-medscimonitbasicres-26-e925264){ref-type="table-fn"}[\#](#tfn5-medscimonitbasicres-26-e925264){ref-type="table-fn"}   −3.15±6.52
  SV (cm/s)     37.47±34.11                                                                40.47±34.98[\*](#tfn4-medscimonitbasicres-26-e925264){ref-type="table-fn"}                                                                  0.043                   39.95±20.67   40.06±25.60                                                                 0.066   0.501   2.72±3.21[\*](#tfn4-medscimonitbasicres-26-e925264){ref-type="table-fn"}                                                                   1.07±0.67
  SL (cm)       54.22±23.52                                                                63.46±22.93[\*](#tfn4-medscimonitbasicres-26-e925264){ref-type="table-fn"}                                                                  0.043                   55.19±21.78   62.82±20.88                                                                 0.260   0.923   9.24±8.25[\*](#tfn4-medscimonitbasicres-26-e925264){ref-type="table-fn"}                                                                   7.63±16.37
  DST (s)       1.39±0.85                                                                  1.19±0.69[\*](#tfn4-medscimonitbasicres-26-e925264){ref-type="table-fn"}                                                                    0.046                   0.80±0.33     0.76±.31                                                                    0.372   0.630   0.18±0.40[\*](#tfn4-medscimonitbasicres-26-e925264){ref-type="table-fn"}                                                                   0.04±0.14

Mean±standard deviation (SD).

Significance of the difference within groups;

significance of the difference between groups.

Pre-test was performed before the intervention, and post-test was performed after 4 weeks. In the pre-test comparison between groups, there was no significant difference (P\>0.05). The significance level was set at 0.05 for differences between the 2 groups. CBT -- cognitive balance task training; GBT -- general balance task training; BBS -- Berg balance scale; TUG -- timed up and go test; SV -- stride velocity; SL -- stride length; DST -- double support time.
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